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Urban Education 47(2)
The task of building theories and models that capture risk and protective factors related to opportunity to learn mathematics in urban communities is part of a broader effort to develop research and practice pathways designed to support and to improve STEM (science, technology, engineering, and mathematics) education in metropolitan America (Hug, Krajcik, & Marx, 2005 ; Office of the Vice President of Research, 2010; Tate, 1996; Tate, 2001; Tate, King, & Anderson, 2011) . Research and practice pathway is used broadly here to describe evidence-based education and human development efforts intended to increase the quantity of highly competent citizens who are able to understand and apply STEM concepts to every aspect of their livesfor example, health decisions, employment, voting, entrepreneurship, environmental debates, and financial stewardship (Cooper, 2007; Estrada, Barnes, Collins, & Byrd, 1999; Mathematical Sciences Education Board, 1998) . In most urban cities, a variety of institutions, groups, and individuals, including but not limited to (a) families, (b) schools, (c) informal learning organizations (e.g., museums, zoos, and aquariums), (d) health and medical professionals, (e) political action committees, (f) government agencies, and (g) higher education, support STEM learning and teaching.
1 Although many of these institutions do not interact directly, they often assume that citizens are able to understand or need to come to an understanding of content that requires numeracy and knowledge of science and technology. To this end, many of these institutions, groups, and individuals commit their time and resources to STEM education. The nature, quality, and depth of these education efforts vary, yet the importance of STEM research and its application in society and the lives of citizens continue to grow (Alcaraz et al., 2008; Galama & Hosek, 2008) .
The purpose of this article is to describe several conceptual areas that warrant attention by scholars and practitioners interested in improving access and opportunity to STEM learning in urban cities of the United States. Thinking conceptually about the urban context has been a part of intellectual traditions in the social sciences in the United States for decades. These intellectual traditions provide important lessons for scholars and practitioners interested in theorizing and testing models in STEM education where geospatial interventions are considered.
2 A major point of emphasis for scholars interested in STEM education is theory-building and empirical evaluation. If there are no theories-small or grand-to test and evaluate that are analogous to the efforts in other social science scholarship, then the field will produce little more than polemic and speculation.
Like in other fields of study, for example, economics, sociology, and political science, the treatment of urban communities as unique geospatial organizations in terms of sites of intervention and policy reform has a history in STEM education, but the aligned research and development strategy is best characterized as nascent. For example, in one geospatially specific intervention, the Ford Foundation funded the Urban Mathematics Collaborative (UMC) project launched in 1984. The UMC developed 16 sites that included some of the largest school districts in the nation-for example, Los Angeles, Philadelphia, New York City, Cleveland, New Orleans, Memphis, Pittsburgh, St. Louis, and San Diego (Webb, Heck, & Tate, 1996) . The theory of change associated with UMC was that well-connected and professionally active mathematics teachers in urban contexts would be better positioned to support the learning of mathematics with inner-city students. Webb and colleagues discovered that almost 10 years after the beginning of the project, and roughly 5 years after Ford Foundation funding had ended, nearly all of the sites were still actively pursuing at some level their teacher development agenda. In another geospatially specific project, the National Science Foundation began the Urban Systemic Initiative Program (USI). Launched in 1993, the goal of the USI program was to catalyze large-scale change aimed at improving the science and mathematics achievement of students in urban schools. In the 1998-1999 school year, 21 USI sites served over 4.5 million students or roughly 10% of American students in public schools (Kim, Crasco, Blank, & Smithson, 2001 ). Strongly associated with guiding principles of standardsbased reform, much of contemporary STEM reform dialogue is consistent with lessons and ideas also associated with the USI program (National Research Council [NRC], 2011a; O'Day & Smith, 1993; Weiss, Knapp, Hollweg, & Burrill, 2002) .
We do not intend to review the standards-based literature here. We merely acknowledge that standards-based reform is central to policy discussions associated with improving STEM learning (NRC, 2008; NRC, 2011b) . We use the term standards-based reform to denote at a macro level (e.g., federal, state, or local district) the process of setting high standards for curricula, aligning assessment measures with the standards, and giving local school leadership the flexibility to organize materials, instruction, and school-based strategies to help students learn standards-driven content, all while holding schools accountable for student outcomes. As Payne (2008) pointed out, to its detriment, standards-based reform has historically lacked a theory of program implementation in urban schools. As a result, many standards-based reform efforts have tended to (a) discount the political environment, (b) lack time for training, planning, and reflection for key people to exchange information, (c) have insufficient leadership and base of support, (d) provide inappropriate pace and scale for change, and (e) lack program coherence. Despite
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its flaws, there are a few foundational micro level concepts (e.g., classroombased and individual level cognition) from the standards-based reform literature that will be reviewed in our introductory remarks, as their omission in an article focused on STEM learning in the urban context would be an unfortunate oversight. These concepts are typically discussed as desired intermediary products associated with standards-based macro-level activities. We also include these concepts here, as they will inform our review, but not be targeted directly for examination. Instead, these principles will be treated as underlying assumptions for developing high quality urban school STEM education experiences. However, we do not assume that standards-based reform is the only pathway leading to the enactment of these concepts in practice.
First, with respect to STEM learning, it is a process that involves transfer based on previous learning, and this principle has important implications for the design of effective instruction (Bransford, Brown, & Cocking, 1999) . Understanding STEM concepts is a process that requires "sustained opportunities to work with and develop underlying ideas and to appreciate those ideas' interconnections over a period of years rather than weeks or months" (NRC, 2011b, p. 17) . Second, with respect to STEM teaching, most observers should recognize that the call for more demanding standards in STEM education is a signal for not only what students must learn but also what teachers must understand and school systems must support (Tate & Rousseau, 2007) . Teacher quality and related professional development supports for teachers and other instructional leaders are foundational to creating and maintaining quality STEM education (Payne, 2008) . Third, with respect to STEM curriculum, fields of study in science, mathematics, engineering, and technology are not just information and facts that reflect the best thinking at a given time; they also reflect a set of cultural practices used to verify, expand, and clarify that knowledge base (NRC, 2011b) . Knowledge and cultural practice are vital elements of the STEM curriculum and should be reflected in instruction. With these three principles as a conceptual background, our review represents an effort to explore ideas and possibilities for urban STEM research and practice that are often invisible in discussions of standards-based reform. In doing so, we seek to contribute to the development of robust theories related to STEM opportunity to learn for children and their families living in urban communities.
This article is organized into three sections. The first section briefly discusses the transition from the industrial age to our current emphasis on biology. The discussion is organized to help demonstrate the importance of STEM education in urban communities. We provide an example of why STEM education is vitally important to both informed political participation and the potential economic opportunities of urban dwellers. Our intent is to demonstrate how the realities of citizenship and democracy call for developmentally appropriate strategies to support STEM learning in urban cities. The second section is a discussion of strategic research opportunities with the potential to advance and improve STEM learning in urban communities. More specifically, the section calls for an expansion of the STEM opportunity to learn literature to include out-of-school factors and other strategies that extend beyond the traditional practices of STEM educators and researchers. The final section calls for an emphasis on geospatial thinking in terms of research, development, and intervention in urban STEM education.
Preparing for What? The Information Age and Biology
The purpose of this section is to provide an example of how biology and biotechnology understandings are critical for participation in our democracy. 3 We use biology as an illustrative example. A second purpose is to illustrate, with the same example, how science is a part of the development of economic opportunities in the information age. Before launching into our example, it is important to provide some background relative to the shift from the industrial age to the information age. The industrial age is often categorized by metaphors and models drawn from physics-for example, linear, macro, mechanistic, deterministic, and energy intensive (Naisbitt & Aburdene, 1990) . Moreover, at the turn of the 20th century, the physical sciences were in a position of dominance in science. Hurd (1997) argued that for centuries, research in the sciences focused on systems that were either intrinsically simple or capable of being analyzed as simple segments, while overlooking more complex systems incapable of being analyzed one factor at a time. In contrast, he posited that the more recent approaches to the biological sciences recognize that human systems are interconnected; as such, the alteration of one factor may influence responses in another or multiple systems:
In modern biology, researchers are required to think differently from what is traditionally described in textbooks as "science inquiry" and "science method"; both concepts were modeled after traditional physics . . . The problems faced in new biology defy traditional methods of research. Problems today tend to be more holistic, more integrative, and more complex. New patterns of interpretation are to be expected when insights from several disciplines are combined, as in biophysics and biochemistry. (Hurd, 1997, pp. 58-59) 
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Other examples of new biology and technology interdisciplines include bioinformatics, mathematical biology, genetic engineering, and neuroscience. The age of biotechnology is characterized in metaphoric terms as: informationintensive, micro, adaptive, holistic, and inner-directed (Naisbitt & Aburdene, 1990) . Like the preceding industrial age, the information age, with its rapid advances in biotechnology, has stimulated great debates involving the ethics associated with research and its application-for example, eugenics, vaccines, genetic modification, and human cloning. The complexity of the science associated with these ethical debates is significant; however, this has not slowed the controversies. In many regions of the United States, support for biotechnology research has been divisive in representative politics (e.g., state legislative bodies), so states have resorted to ballot initiatives to determine the role of local and regional government in funding for biotechnology research and related technology transfer. Thus, voting-eligible citizens need to gain sufficient understanding of biotechnology so that they can participate in our democracy in an informed fashion. To illustrate this point, the state of Missouri's 2006 ballot measure, Constitutional Amendment 2, more commonly referred to as the STEM Cell Initiative will be discussed. Our central aim is to demonstrate the level of understanding required to be a fully engaged citizen in the information age where biology and biotechnology are important practices as well as metaphorical drivers of language and possibility in this era.
In 2006, Missouri voters approved Amendment 2, a constitutional amendment protecting human embryonic stem cell research. The campaign to pass Amendment 2 was supported by US$30 million in contributions from James and Virginia Stowers, founders of the Stowers Institute for Medical Research, a private organization in Kansas City (Davey, 2007) . The ballot measure that passed guaranteed that any federally allowed stem cell research or treatment would also be allowed in Missouri. Davey (2007) stated, "The question of embryonic stem cell research has usually been fought out in state legislatures, not among voters, but supporters said the Missouri legislature's efforts to ban the research had led them to seek the statewide vote" (para. 14). Amendment 2 passed 51% to 49%. A difference of 50,800 votes separated the two sides. The amendment was rejected in 97 of Missouri's 114 counties. Amendment 2 gained most of its support in the two most populated regions in the stateSt. Louis and Kansas City metropolitan areas. What follows is a closer examination of the content of Amendment 2, Amendment 2 voting patterns in the region, and related academic proficiencies and attainment in metropolitan St. Louis. Our goal is to illustrate why science learning in the urban context is critical. Amendment 2 was over 2,000 words in length. 4 The text on the ballot included its own definition key. While it is not feasible due to space limitations to provide the entire Amendment 2 text, we think it is very important to share the definitions (see appendix). To provide a sense of the literacy level required to understand Amendment 2, we used a Microsoft Word tool to calculate its Flesch Reading Ease score, which ranges from 0 to 100, where higher scores reflect materials easier to read. The text presented in Amendment 2 was determined to have a Flesch Reading Ease score of 23.5. Scores ranging from 0 to 30 are interpreted as text material best understood by university graduates. For comparative purposes, we conducted a similar analysis of text material in the Harvard Law Review; it yielded a Flesch Reading Ease score of 29. It is fair to say that comprehending the text in Amendment 2 required high literacy skills and science understandings.
5
What were the voting patterns in the metropolitan St. Louis area? It would be challenging to make sense of the voting patterns in metropolitan St. Louis if organized by municipality only. Metropolitan St. Louis ranks second in geopolitical fragmentation in a ranking of the 25 largest metropolitan regions in the United States (Orfield, 2002) . Specifically, the St. Louis metropolitan region consists of 312 local governments (12 counties and 300 municipalities and townships), with 13.8% of the population living in the city of St. Louis. There are 12.2 local governments per 100,000 residents in the metropolitan region. This high degree of geopolitical fragmentation reflects the fact that many individuals and families who can afford housing elsewhere are moving out of the central city. In light of the geopolitical fragmentation in the region, Tate (2008b) argued that a better way to understand the region is to view it through the lens of one of its major regional planning efforts-the biotechnology industry. He posited that the high degree of clustering by metropolitan St. Louis biotechnology organizations was an outgrowth of regional planning, which according to the spatial mismatch theory would influence opportunity structures in the region. Tate estimated less than 1% likelihood that the dispersed location pattern of biotechnology organizations was due to random chance. He conducted kernel density estimation (KDE) to assist in the visualization of the metropolitan St. Louis biotechnology clusters (see Figure 1 ). KDE is a technique used to calculate the density of events as a continuous field (Wang, 2006) . It changes discrete point data into a continuous surface of values and, thus, illustrates the spatial patterns of the events. In this case, the events are biotechnology companies. The kernel radius for each biotechnology firm was set to 2.8 miles. This methodology makes it feasible to visualize the region using the four biotechnology clusters as organizational frames along with the counties in the analysis of the Amendment 2 voting patterns, rather than the hundreds of municipalities in metropolitan St. Louis. Figure 1 provides a visual depiction of the Amendment 2 voting patterns by county and biotechnology cluster. The majority of Amendment 2 voters in three of the four counties with biotechnology clusters voted in favor of Amendment 2. The exception was St. Charles County. More than two-thirds of the participating voters in St. Louis City supported Amendment 2. This voting pattern is most interesting when examined in light of regional educational attainment levels in St. Louis City.
St. Louis City has the lowest percentage of residents 25 years or older with bachelor's degrees of the four biotechnology clusters (roughly 11% in 2000; Tate, 2008b) . Four years prior to the Amendment 2 vote, the state of Missouri tested 10th graders in the area of science. Tate reported on the results of the testing effort as part of a geospatial analysis:
The intent here is to focus on the St. Louis City Urban Core cluster. Fewer than 5% of the 10th graders achieved at a proficient or advanced level in science. This result is a major concern for anyone interested in providing students indigenous to the St. Louis City Urban Core cluster with opportunities to take part in the economic promise related to the local biotechnology research and development effort. These students also need better preparation if they are to engage some day in the technically sophisticated political debates associated with science and the region (e.g., stem cell voting and funding). (pp. 405-406) Of the four counties with biotechnology clusters, the residents of St. Louis City voted at the highest percentage in favor of Amendment 2.
6 Yet based on the readability levels of the Amendment 2 text and the educational attainment within St. Louis City, there should be concern about whether many of the voters in this cluster voted with a full knowledge of the science-related content. This concern is one that extends to voters across the state of Missouri. Second, in light of the educational attainment levels and reported science proficiency in the St. Louis City, it is reasonable to argue that the residents voted in favor of an economic strategy that would not directly benefit a significant majority of the residents of the city.
7 Moses and Cobb (2001) argued that mathematics and science literacy is required for full economic access and full citizenship. They equated the absence of STEM literacy in urban communities to the lack of registered African American voters in Mississippi during the early 1960s. The case of the Amendment 2 vote in metropolitan St. Louis demonstrates the link between STEM literacy in the urban context and the political and economic dimensions of the Age of Biology. Opportunity to exercise the franchise with understanding and to benefit from related economic planning was linked to STEM literacy. What follows are strategic research opportunities with the potential to inform our understanding of how to improve STEM learning in the urban context.
Expanding the Notion of Opportunity to Learn
Traditionally, research focused on opportunity-to-learn (OTL) in STEM education has involved some combination of three variables: (a) content exposure and coverage variables, (b) content emphasis variables, and (c) quality of instructional delivery variables (Tate, 2001; Tate & Rousseau, 2007) . The purpose of these OTL variables is to determine whether students are provided sufficient access to learn the STEM curriculum expected for their grade level and age. Tate and Rousseau (2007) argued that the OTL framework must be organized into an engineering design, in which teachers and school leadership actively managed the two variables that emerge from the OTL literature, time allotted to and quality of school-based factors linked to learning. Time and quality are critical variables because they can be altered by way of school-based interventions. We believe this is a reasonable starting point. However, time and quality factors linked to STEM education extend beyond school settings. To illustrate our point, we will discuss potential STEM education OTL targets that exist across the life span-both school-based and outof-school options. We will focus particularly on targets where the urban community might serve as a resource. The Amendment 2 case also informs our review. The goal is to present OTL targets that would prepare individuals to engage the Age of Biology both in their duty as citizens as well as participants in the knowledge economy. We will organize our discussion of out-of-school and school-based OTL STEM targets by life course, as this framing seriously considers the holistic nature of learning.
Prenatal
We believe there is a role for STEM educators and researchers in the prenatal process. STEM education researchers tend to treat environmental health risks and protective factors as either extraneous to their research or as a relevant concern but beyond the scope of the school-based focus in the field. Some sociocultural researchers in science education have pushed to include nonschool based factors in discussions related to opportunity to learn in STEM fields (Rodriguez, 2004) . This is an important direction if the urban context matters as a target for intervention. We submit that in the Age of Biology, STEM education researchers interested in urban communities should consider the link between prenatal conditions and STEM outcomes over the life course. Although the country has progressed significantly in reducing infant mortality, rates of premature births and low-birth-weight babies increased in the 1990s and remained constant in the following decades (Shonkoff & Phillips, 2000) . Extensive research indicates that low-birth-weight children are at greater risk for cognitive and academic performance problems than are their normal birth weight peers and that the risk for negative outcomes increases as birth weight decreases (Reichman, 2005) . In addition, research suggests that the relationship between low-birth-weight children (less than 2,000 g or about 4.5 lbs) and cognitive performance persists through adolescence (Whitaker et al., 2006) . The urban community has been challenged especially by low-birth-weight trends. Table 1 provides low-birth-weight trends in selected cities in the United States as well as the national average in (2000) documented that tobacco billboard advertisements were located within 2,000 feet of 74% (108 out of 145) of public schools in the city of St. Louis. Although outdoor advertisements of this sort have been removed in metropolitan regions across the country, other forms of marketing persist. STEM education researchers should consider developing interventions related to smoking and other potential threats to childhood cognition for mothers and their families. In addition, STEM education researchers and epidemiologists have an opportunity to collaborate on studies focused on prenatal factors associated with cognitive outcomes that influence STEM learning and understandings. For example, geospatial factors, such as where a woman lives, affect the likelihood of her having a low-birth-weight baby. Epidemiologists, sociologists, and health researchers are examining the relationship between neighborhood factors, such as access to health care, racial segregation, and exposure to environmental toxins on social outcomes (Jones- Webb & Wall, 2008) . As this literature develops and matures, its central findings and debates will be relevant to the STEM education literature. Feinstein (2011) posited that STEM education should provide nonscientist adults access to science information in support of their decision-making about health care, nutrition, reproduction, and other areas associated with their everyday lives. Tate and Striley (2010) argued that education researchers and health researchers work together to bridge the divide between the fields, especially in cooperative efforts to understand more clearly the mechanisms causing social disparities as well as to create and evaluate intervention strategies. The point here is that there is a role for STEM education professionals in prenatal research and development. The ability to intervene at this point in the life course of a future student and the family structure has the potential for wide-ranging intergenerational effects. This argument is not new in the OTL literature; however, it has largely been ignored (see for example, Gordon, 1970; Jackson, 1993) .
Birth to Age Four
Typically, birth to age four is a time period where language, literacy development, and early mathematical understandings are central concerns. Language and literacy development are foundational readiness areas for overall school success including in science learning, whereas early mathematical understandings are a direct part of STEM education. There are many factors that influence learning during this period of development. Family mechanisms have a significant effect on learning and cognitive development from birth to age four (Ackerman & Brown, 2010; Barnett, 1998) . Researchers must also be attentive to the influence of socioeconomic status (SES) on social outcomes as urban communities experience concentrated poverty (Rusk, 2003) . For the past several decades, a robust and increasing body of literature has demonstrated the negative effects of poverty on children's cognitive functioning (Bradley & Corwyn, 2002; Evans & Schamberg, 2009; McLoyd, 1998) . It is especially evident in impoverished urban communities, where deleterious environmental conditions, such as lack of adequate prenatal care and nutrition and chronic exposure to lead, pesticides, and other toxins, may inhibit proper cognitive development in children (Bradley & Corwyn, 2002; Evans, 2004; Farah et al., 2006; McLoyd, 1998) . Until recently, a limited amount of research has attempted to unearth the neuroscience underlying the sociological relationship between SES and cognitive ability. Much of Farah and her colleagues' research has indicated the role of specific neurological systems in contributing to differential cognitive ability in socioeconomically diverse children (Evans, 2009; Hackman & Farah, 2009 ). In two separate neuroscience studies, the left perisylvian/language and prefrontal/ executive systems were disproportionately associated with kindergarteners' and first-graders' SES; specifically (on average) low SES children performed worse than did middle SES children on measures of these systems (Noble, McCandliss, & Farah, 2007; Noble, Norman, & Farah, 2005) . As both neurological systems develop well into one's childhood, they exhibit increased susceptibility to environmental conditions. In another study of healthy children in middle school, Farah et al. (2006) analyzed three specific prefrontal functions and discovered socioeconomic disparities in working memory ability and cognitive control, which appeared more properly developed in children of middle SES. Much of the more recent neuroscience research that examines the effects of childhood poverty was motivated by earlier developmental science focused on the relationship between poverty and measures of early childhood cognitive performance.
For example, Brooks-Gunn, Duncan, and Maritato (1997) conducted a meta-analysis of young children living in income poverty (defined by the poverty line in the United States) and found that, after controlling for other family characteristics, the effects of income poverty on intelligence and verbal test scores resulted in about one-third a standard deviation reduction in test performance. We argue that during the period from birth to age four, the family environment and preschool are important developmental supports for STEM learning. Early family environments predict both cognitive and noncognitive outcomes over the life course (Heckman, 2006) . There is very little debate that family environment influences reading development (Snow, Burns, & Griffin, 1998) . Reading development is a STEM concern as literacy is foundational to participation in school science (e.g., reading text materials) as well as comprehending the many applications of science, mathematics, and technology in everyday life. Loeb, Bridges, Bassok, Fuller, and Rumberger (2007) found that prekindergarten improved reading and mathematics proficiency in kindergarten. Moreover, the greatest academic benefit was found for children who started prekindergarten at 2 and 3 years of age, rather than at younger or older ages. Research also suggests that home learning environments as well as preschool effectiveness are important predictors of mathematics attainment at age 10 (Melhuish et al., 2008) . A Programme for International Student Assessment (PISA) study suggested that there was a positive relationship between preschool and mathematics achievement across countries (Learning for Tomorrow 's World, 2004) . This PISA study found that preschool investments have many effects that are marked and widespread across the student population 8 to 10 years into a student's school experience. In some cases, these effects were far greater for the least advantaged students.
Despite research studies that point to the importance of family learning environments and preschool education, the STEM education community has been slow to develop a language to include parents and families in the school reform process or as part of research priorities (Peressini, 1998; Weiss et al., 2002) . Instead, STEM reform operates in vague terms and largely empty 412
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rhetoric with respect to family-related interventions and supports. However, there is a growing body of empirical research focused on early STEM learning and families; this research suggests that parents are critical to their children's development of conceptual thinking related to STEM concepts (e.g., Fender & Crowley, 2007) . Despite the great potential of the family context as a site for learning STEM content, Cannon and Ginsberg (2008) reported that parents admitted to lacking goals for and knowledge about early mathematics. In addition, parents indicated that early mathematics was taught less often at home than language-related content, was less interesting to preschoolers, and was less of a personal interest and strength. They argued that parent interventions are needed to support preschoolers' mathematics learning through daily activities in the home. Fender and Crowley's (2007) research suggests parental interventions might improve the learning of science in the home setting as well. We believe there is a need for further investment in this area by STEM education researchers.
One step toward addressing this void is to include, yet move beyond, the boundaries of traditional STEM education activities to other fields where family-level interventions are more prominent (e.g., social work, health services, etc., Corcoran, 2003) . Moreover, for children up to age four residing in urban communities, there is a need to understand more clearly which mechanisms in their family life support STEM understandings (e.g., health, developmental, and parenting education). In addition, the strategies and mechanisms in the urban preschool context associated with positive STEM outcomes represent an area in need of concentrated research effort. A related factor is the need to document and circulate widely in the urban context the names and locations of high-quality preschool providers. Although there is research that provides an evidence-based framework to support family decision-making related to preschool placement, we remain unconvinced this important research has been promoted and used in a fashion that is consistent with its importance for STEM learning (see for example, Hustedt, Barnett, & Friedman, 2010; NICHD Early Child Care Research Network, 2000) . In the local urban context, there is very little research-based information in place to support parental decision-making related to preschool placement. It is quite common for urban school districts leaders to include pre-K initiatives within their strategic change plans. What is less clear about these types of efforts is how evidence is guiding the level of specificity of the strategy and whether or not the strategy is viewed as a part of a process to improve STEM education. This is an important problem space for additional STEM education research. In addition, there is a very limited knowledge base about the experiences and training required to be an effective instructional leader in the prekindergarten learning environment (Mead, 2011 ). Yet instructional leadership is vital to the development of sustained, robust STEM learning environments (Spillane, 2011) .
Ages 5-12: Elementary School Years
Once children enter elementary school, it is very challenging to discuss urban STEM education, as if it were a unified field. Research on technology and engineering education is less developed as these subjects are seldom part of the school curriculum in K-12 education (NRC, 2011a). Mathematics education is distinct from science education as a field of study and in school practice. However, mathematics, science, and other school subjects are all part of educational systems where the OTL factor-instructional time-can be used to describe the interdependence of school subject matter. For example, in many urban school districts, science instruction is very limited, relative to the investment of time and resources provided to reading and mathematics. Mathematics and reading are part of the state accountability programs associated with the No Child Left Behind (NCLB) Act. Thus, these two subjects have received priority in the distribution of the instructional time. Conducted by the Center on Education Policy (CEP, 2008), a nationally representative follow-up survey of 349 responding school districts reported 28% of the school districts indicated since 2001-2002 (start of NCLB requirements) decreasing instructional time for science at the elementary level. Districts that have decreased time for science have done so by an average of 75 min per week. In contrast, 58% and 45% of school districts in the survey reported that they have increased instructional time for English language arts (average of 141 min per week) and mathematics (average of 89 min per week), respectively. One recommendation in response to the decreased instructional time for science has been to call for science testing in the elementary school to be included in statewide accountability systems. The NRC (2011b) stated,
[P]olicy makers at the national, state, and local levels should elevate science to the same level of importance as reading and mathematics. Science should be assessed with the same frequency as mathematics and literacy, using a system of assessment that supports learning and understanding. Such a system is not currently available. Therefore, states and national organizations should develop effective systems of assessment that are aligned with the next generation of science standards and that emphasize science practices rather than mere factual recall. (p. 28)
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This NRC recommendation appears to assume that a testing requirement will incent a greater investment of instructional time for elementary science instruction. Assuming overall instructional time remains constant and the science testing incentive is effective, it follows that on average less instructional time will be devoted to English language arts and mathematics in the elementary grades. However, the recommendation to include a science testing requirement as a part of an incentive scheme to increase instructional time for this subject would occur as policy leaders and organizations are lamenting the overall performance levels in English language arts and mathematics in urban elementary schools. Another strategy for increasing the OTL in science would involve curriculum engineering (Romance & Vitale, 1992 , 2001 ).
8
More specifically, Vitale, Romance, and Klentschy (2006) argued there is sufficient evidence to suggest that implementing an elementary curriculum that increases the time allocated to science instruction while supporting reading comprehension in a way that more efficiently uses time in support of cognitive development in both science and reading is attainable. They described two science instructional models-grades K-5 Valle Imperial Project in Science (VIPS) and grades 3-5 Science IDEAS-as paradigm-changing OTL designs for grades K-5. Both models replace traditional reading/language arts instruction with in-depth instruction in science, yet each has reading comprehension and writing embedded within the instructional design. Both models assume that the development of decoding and fluency are important reading outcomes in grades K-2; reading, however, is not treated as a curriculum in grades 3 to 5. Rather, reading and writing are embedded in the science instructional design. In the absence of traditional reading/language arts instruction, both science instructional models, while increasing achievement in science, have also produced greater achievement outcomes in reading comprehension and/or writing. Finally, although the instructional design in both models differs, both have demonstrated effectiveness with low-SES and/or limited English proficiency (LEP) student populations. While promising inquiry-oriented approaches, bringing this type of integrated curriculum change to scale in urban districts would require a significant investment-for example, instructional materials, aligned assessments, and professional development. This reform requires dealing directly with the historical belief and related instructional approach that reading is a field of study in schools or is a discipline, rather than a life-long journey of meaning making in complex, situationally bounded arrangements (Schoenbach, Greenleaf, Cziko, & Hurwitz, 2000) . We argue that an experiment at scale in an urban district of an elementary science program in which reading and writing development are integral is a worthwhile research goal. The urgency of this research is best understood as a concern about instructional time within the OTL literature. Students attending urban schools face a greater risk of limited science exposure in light of the emphasis in these schools on teaching the tested curriculum. Our concern is that merely adding science to the tested subject matter within state accountability requirements does not adequately address the bounded nature of instructional time in most school settings. We offer a word of caution about efforts to integrate literacy and science. Science is not reading only, and avoiding this conflation requires both serious thinking about what our goals in science should be for elementary students and helping teachers pursue those goals with intellectual integrity. We contend this will remain a vitally important area for STEM education researchers to develop.
Another concern associated with instructional time in STEM education involves the summer setback and the lost OTL during summer vacations (Entwisle & Alexander, 1992) . This concern is succinctly described in a review of this literature:
During summer vacation, many students lose knowledge and skills. By the end of summer, students perform, on average, one month behind where they left off in the spring. Of course, not all students experience "average" losses. Summer learning loss disproportionately affects lowincome students. While all students lose some ground in mathematics over the summer, low-income students lose more ground in reading, while their higher-income peers may even gain. Most disturbing is that summer learning loss is cumulative; over time, the difference between the summer learning rates of low-income and higher-income students contributes substantially to the achievement gap. (McCombs et al., 2011, p. xiii) McCombs and colleagues (2011) offer several recommendations for education professionals attempting to develop evidence-based practice involving summer learning. Their study described a number of summer programming practices that were associated with improved student outcomes, such as smaller class sizes, involving parents, providing individualized instruction, and maximizing students' attendance. Other best practices included providing learning contexts that support high-quality instruction, aligning the school year and summer curricula, including content beyond remediation, and tracking effectiveness. Evaluation studies of STEM summer learning in the urban context will remain a strategic research target for years to come.
Although research has established the efficacy of summer learning programs, it has not estimated the potential benefits or costs of such programs
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when delivered to large numbers of traditionally underserved students attending urban schools. There is a need for rigorous, longitudinal research to inform policy, specifically studies that include but move beyond academic performance to include secondary academic outcomes (e.g., school attendance and graduation rates) as well as nonacademic outcomes (e.g., juvenile delinquency, improved nutrition, and exercise habits). Why should STEM educators and researchers be concerned with secondary academic outcomes or nonacademic outcomes? We argue that one threat to learning STEM content is the empty seat problem. If a student is not attending school, then STEM learning is disrupted. Thus, attendance and graduation rates are important STEM indicators. Unfortunately, most STEM education research has ignored indicators associated with the empty seat problem. In addition, nonacademic outcomes reflect motivation and readiness to learn STEM content. Furthermore, we need to understand more fully the effects of consecutive years of participation in STEM related summer programming on traditional measures of attainment and achievement (e.g., grades, test scores, coursetaking patterns, and college majors). Summer learning does not have to cease in elementary school. It would be instructive to understand the costs and benefits of summer learning that extends into the high school years.
Adolescent Years
According to Spencer, Swanson, and Edwards (2010) , excluding the first 2 years of life, there are few periods of the life course more eventful, labile, and responsive to social context than is adolescence. For many urban dwellers, the adolescent years represent the last opportunity to develop formal, schoolbased STEM understandings. For adolescents, both academic and nonacademic factors influence STEM opportunity to learn in the urban context. The factors reviewed in this section will focus on access to developmentally appropriate, yet cognitively demanding STEM content. Cognitive demand is used here to describe two types of learning opportunities. The first type of opportunity is linked to curriculum policy and students' course taking options-how much STEM content and which courses. The second type of opportunity relates to how much student thinking is required in the STEM classroom routine. Routine memorization involves low cognitive demand, no matter how advanced the content. Understanding STEM concepts and the interrelationships of subject matter involves high cognitive demand, even for basic content. Both types of cognitive demand are linked to student performance on achievement tests. They are not, however, substitutes for each other. Two policy-relevant predictors of school mathematics and science achievement in large-scale assessments of mathematics and science have been (a) increased time on task in high-level science and mathematics content and (b) the number of courses taken in science and mathematics. Often these two predictors are interrelated.
A concern in the urban context is that many traditionally underserved demographic groups (African American, Hispanic, and low-SES students) are less likely to be enrolled in higher level mathematics and science courses than are middle-class White students. Stiff, Johnson, and Akos (2011) argued that data academies consisting of teachers, school counselors, administrators, and university faculty organized to develop placement standards, analyze related data sources, and review placement practices as part of an evidencebased approach have the potential to inform the STEM coursework placement cycle in both middle school and high school:
This study revealed that the beliefs, attitudes, and prejudices of school counselors, math teachers, and administrators often override information that is much more objective. The partnership of counselors, math teachers, and administrators with the Data Academy facilitators opened the door to using objective criteria for making academic decisions about students, especially decisions about tracking mathematics…math teachers remain reluctant to accept what the data show about students' performance and proper placement of students, often citing students' behavior-and weaknesses in the EOG (end of grade) assessments themselves-as reasons for ignoring recommendations based on objective criteria. Since administrators tend to follow mathematics teachers' lead rather than that of school counselors regarding math tracking, resistance remains strong to making tracking decisions using objective criteria. (p. 73)
Although organizing school staff around data-driven decision making was productive, adolescent behavior remained a part of the STEM coursework placement process. Being academically capable as defined by science or mathematics placement policy is not sufficient to ensure placement in more rigorous coursework. If students are perceived as a disruption or a behavioral problem their academic placement options may be limited to coursework that is less cognitively demanding. We submit that the data academy concept warrants further development and study as a potential STEM intervention in urban communities. On the technical side, very little research in science and 418
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mathematics education focuses on establishing the predictive validity of state or local assessment programs. A better understanding of how well state and local assessment programs predict future outcomes is a missing part of standards-based reform. Ultimately, local education leadership is left to determine how best to interpret accountability results, with very little information about predictive validity. How well do local and state end-of-course examinations predict future academic performance and align with college readiness assessments, such as the ACT and SAT? If systems are to break the cycle of making placement decisions based on adolescent behavior, it is important that researchers provide the needed technical support in the area of measurement and assist in the development of data academies that inform placement policy. In addition, the data academy concept represents an opportunity for urban school district leadership to help principals and other staff focus on their role as instructional leaders. Schmidt (2011) argued that organizational arrangements (e.g., district-level teams and school-level teams) within educational systems informed by data about opportunity to learn, students' performance, and teachers' self-reported content knowledge was a useful starting point for developing capacity-building activities and designing targeted interventions. This type of institutional reflection is especially important as the standards associated with mathematics and science have increased steadily over the past 30 years.
Since the release of A Nation at Risk, states across the country have increased high school graduation requirements in science and mathematics. In addition, states have adopted curriculum standards in mathematics and science for courses that reflect content recommendations of various professional societies (NRC, 2008 (NRC, , 2011 . In general, these recommendations reflect more demanding content than previously required of high school students. With respect to state-level course graduation requirements (CGR), Lillard and DeCicca (2001) examined the relationship between CGRs and high school drop-out decisions. The findings of their study strongly suggest that state mandated minimum course requirements cause students to drop out of high school. The problem of dropping out is particularly acute in urban communities. As we stated earlier, dropping out of school or the empty seat problem is a direct threat to STEM learning. Students must be enrolled and attending school to ensure time on task and opportunity to learn. As new curriculum standards in mathematics (Common Core Standards) have been adopted in a large majority of states, we see the need for the STEM education research community to devote more attention to the relationship between science and mathematics high school graduation requirements and drop-out decisions in the urban context as well as curriculum standards and drop-out decisions. 9 Heretofore, STEM educators and researchers have mostly ignored these relationships. However, as STEM educators have called for new, more rigorous standards, the emerging conditions warrant evaluation.
Adulthood
The most obvious way that adults in the urban context can secure access to STEM content is through postsecondary education. Beyond a few comments in this section, we are not going to focus on formal postsecondary education options for adults in the urban context because opportunities and programming in urban higher education are sufficiently important that a separate treatment is warranted. Over the past two decades, the attention of K-12 STEM education policy has focused largely on college readiness and more recently on workplace preparation. We think it is very important for social scientists interested in STEM learning to study which urban postsecondary institutions overproduce STEM graduates relative to their peers. We believe it is particularly important to identify those urban institutions of higher education that overproduce traditionally underserved students in STEM fields. Today, most reporting in this area merely provide the total number of graduates in STEM fields by demographic groups and institution (e.g., Diverse Issues in Higher Education). Although vitally important as sources of information, these types of reports lack the careful controls associated with disciplined inquiry. This area of STEM education needs quality research. However, our primary aim in this section is to discuss two other problem spaces that warrant additional attention by STEM education researchers interested in adult learning in the urban context.
Why focus on parents and other adults in the urban context? Throughout this review, we have described the importance of parents' STEM literacy as part of family-based, intergenerational learning opportunities. Parents and other family members provide a supportive structure for children's early learning. Thus, it is vitally important that adults in the urban context exhibit high levels of literacy. This is not the case in some cities. For example, a study by the Detroit Regional Workforce (2011) fund estimated that 49% of adults in the city of Detroit are functionally illiterate; this definition refers to the inability of an individual to use reading, writing, speaking, and computational skills in daily life situations. Approximately half of those surveyed (over 200,000) had earned a high school diploma or GED, so the problem was not solely a matter of high school attainment. Yet, high school completion was a 420
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potential point of intervention for roughly half of the population. Moreover, the distribution of illiteracy was not even. Some neighborhoods and census tracts have higher percentages of adults classified as functionally illiterate and/or lacking a high school education. It was reported that the Detroit region lacked a sufficient supply of learning services to address the needs. In addition, existing programming lacked the focus and capacity to address the needs of English-language learners or of the learning disabled. Clearly, evidencebased interventions designed to remedy this challenge in the Detroit context are needed. Further, we know very little about the state of affairs in other cities. The problem space is an important STEM education target, yet traditional research and development in the field largely ignores this area. Better understandings of this problem space are important for another reasonhealth literacy.
Among other areas of American citizens' lives, personal and public health requires competency in literacy, numeracy, science, and technology (DeWalt, Berkman, Sheridan, Lohr, & Pignone, 2004; Gazmararian, Curran, Parker, Bernhardt, & DeBuono, 2005; Golbeck, Ahlers-Schmidt, Paschal, & Dismuke, 2005) . As medical and public health professionals continue to employ new technologies for diagnosis, treatment, health communication, and other services, the ability to understand and apply basic STEM concepts in healthrelated decisions and behaviors becomes more important for individuals and families.
To address such concerns, public health and medical researchers conceptualized health literacy as a branch of literacy in the context of health. Health literacy is generally defined as "the degree to which individuals can obtain, process, and understand basic health information and services needed to make appropriate health decisions" (Gazmararian et al., 2005, p. 317) . Individuals might need to apply skills related to health literacy in reading and interpreting informed consent forms or pharmaceutical instructions, for example (Institute of Medicine [IOM], 2004) . Likewise, public health and medical professionals have increasingly recognized the necessity of basic numeracy skills in daily health-related decisions and behaviors (Estrada, Martin-Hryniewicz, Peek, Collins, & Byrd, 2004; Golbeck et al., 2005) . Health numeracy is defined as "the degree to which individuals have the capacity to access, process, interpret, communicate, and act on numerical, quantitative, graphical, biostatistical, and probabilistic health information needed to make effective health decisions" (Golbeck et al., 2005, p. 375) . Identifying and taking the appropriate number of prescribed pills, comparing benefits of different insurance policies, and interpreting graphs with health-related information all require some level of health numeracy (Golbeck et al., 2005) .
For the past several decades, numerous studies have explored the negative health-related outcomes of limited health literacy and have identified several populations particularly vulnerable to low health literacy (DeWalt et al., 2004; Gazmararian et al., 1999; IOM, 2004; Schillinger et al., 2002) . These populations include racial and ethnic minorities, the socioeconomically disadvantaged, the elderly, and individuals with LEP and educational attainment. Several studies and reports have recognized individuals' cultural and educational backgrounds as common barriers to adequate health literacy (IOM, 2004; Kreuter & McClure, 2004; Schillinger, 2002) . As a result, public health and medical researchers have focused on interventions in these two areas.
In its report on health literacy, the IOM (2004) described existing and future educational interventions for adults. One such program, the Adult Basic Education and Literacy (ABEL) system, offers classes that reinforce skills in basic literacy and mathematics, the English language, and high school equivalence. To prevent inadequate health literacy in adulthood, the IOM also encouraged a coordinated program of health education across various grade levels. A health literacy-learning pathway through adulthood needs to be developed and evaluated.
In their efforts to increase the number of American citizens considered health literate, Gazmararian and colleagues (2005) also offered ideas for future educational interventions. As critical health problems are plaguing more children and adolescents in the United States, Gazmararian et al. suggested the need for school-based interventions, such as classes instructing students on nutrition and physical activity. For adults, literacy programs in occupational settings, correctional facilities, and job-training sites may mitigate the effects of low health literacy.
As the literature suggests (Gazmararian et al., 2005; IOM, 2004) , medical and public health professionals and education researchers must forge partnerships to strengthen citizens' health literacy. For example, science centers and other informal learning institutions are important sources of STEM information in the urban context (Falk & Needham, 2011) . STEM researchers and practitioners, especially, have a stake in supporting and contributing to efforts to strengthen both children's and adults' skills and knowledge required for basic health literacy. As a result, more collaborative research on the development, implementation, and effectiveness of a variety of interventions in the workplace, community-based organizations, schools, and other institutions should be initiated.
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Thinking Geospatially
After spending tens of thousands of years living mostly in small settlements, humans have entered the urban stage of evolution. As of 2008, more than half of the world's people live in cities, and the urban population is swelling by 1 million per week . . . Cities are also home to considerable scientific capital; they hold most of the world's top universities and the vast majority of researchers. The resources that cities offer can stimulate outstanding science for reasons that researchers are just starting to explore. (The Urban Equation, 2010, p. 899) Urban cities are unique geospatial arrangements. A majority of the world's population now lives in cities, and urban growth continues at a remarkable pace. The demographic trends in cities give rise not only to some of the world's most difficult challenges, but also to its greatest resources and innovations. Wealth and poverty are heavily concentrated in urban cities. Massey (2009) estimated that urban poverty has shifted to higher and higher densities. He theorized that geospatial distribution of the wealthy and poor has produced a new era of extremes where class segregation has created a new social ecology and the construction of a new political geography that separates the opportunity structures and interests of the rich from the welfare of the less affluent. These concentrations at both ends of the resource spectrum must be understood as part of the cycle associated with the geography of opportunity. STEM opportunity to learn and related educational attainment, neighborhood development, and business establishment are part of these geospatial developments. Primarily, we are concerned that an urban community member's zip code or SES have predictive value in terms of STEM understandings. Should this be a long-term concern in the urban context? Urban cities are storehouses of resources including an abundant diversity of people and cultures, a history of scientific and economic modernization, and indigenous political and economic organization that sustain communities in the most difficult of circumstances. These strengths provide a base for change. We contend it is very important for urban communities to think carefully about the nature and extent of STEM learning opportunities designed for children and families who are indigenous to their city. Does a plan to provide community members developmentally appropriate, yet cognitively demanding STEM learning experiences across the life course exist? We believe STEM education research can contribute to new understandings of how best to secure opportunities to learn across the life span in urban areas. Our success will be measured in terms of decreasing the predictive value of SES or zip code on STEM educational attainment and achievement.
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papers, research, or data, and any other matter excepted from disclosure under Chapter 610, RSMo, as amended from time to time. 11. "Solely for the purpose of stem cell research" means producing human blastocysts using in vitro fertilization exclusively for stem cell research, but does not include producing any number of human blastocysts for the purpose of treating human infertility. 12. "Sperm" means mature spermatozoa or precursor cells such as spermatids and spermatocytes. 13. "Stem cell" means a cell that can divide multiple times and give rise to specialized cells in the body, and includes but is not limited to the stem cells generally referred to as (a) adult stem cells that are found in some body tissues (including but not limited to adult stem cells derived from adult body tissues and from discarded umbilical cords and placentas), and (b) embryonic stem cells (including but not limited to stem cells derived from in vitro fertilization blastocysts and from cell reprogramming techniques such as somatic cell nuclear transfer). 14. "Stem cell clinical trials" means federally regulated clinical trials involving stem cells and human subjects designed to develop, or assess or test the efficacy or safety of, medical treatments. 15."Stem cell research" means any scientific or medical research involving stem cells. For purposes of this section, stem cell research does not include stem cell clinical trials. 16. "Stem cell therapies and cures" means any medical treatment that involves or otherwise derives from the use of stem cells and that is used to treat or cure any disease or injury. For purposes of this section, stem cell therapies and cures do include stem cell clinical trials. 17. "Valuable consideration" means financial gain or advantage, but does not include reimbursement for reasonable costs incurred in connection with the removal, processing, disposal, preservation, quality control, storage, transfer, or donation of human eggs, sperm, or blastocysts, including lost wages of the donor. Valuable consideration also does not include the consideration paid to a donor of human eggs or sperm by a fertilization clinic or sperm bank, as well as any other consideration expressly allowed by federal law.
Source: Missouri State Department (n.d.).
Appendix (continued)
at UEX MASTER on April 5, 2012 uex.sagepub.com Downloaded from 5. We focused on the literacy levels required to understand the Amendment 2 text because there are accepted measures in the field to evaluate readability. The content of the amendment's language was specific to the science of biology. Thus, literacy and knowledge of science were required to understand the amendment's content. 6. St. Louis City is both a county and a city. 7. One of the reviewers of our original submission stated, "I furthermore think that most people in the science community would argue that it was a good that the amendment passed, and thus from a STEM perspective the fact that the urban community voted for it is a good thing." We are not interested in whether the outcome of the election was in keeping with the aims of the science community. Instead, our concern is focused on whether or not a citizenry whose skills and understanding related to science would allow them to make informed judgments. Goldschmidt & Jung, 2010) . We are not promoting one configuration over another, rather our point is that this research and development is important to opportunity to learn considerations in the elementary grades. 9. For more information about the Common Core Standards effort, see http://www. corestandards.org/
